In this paper, an improved ESO (Evolutionary Structural Optimization) method for the topology optimization of 3D structures is proposed. In the proposed method, the idea of BESO method and the idea of extended ESO method are combined. In this method, the design domain is divided in same eight-node brick elements (voxels), and in the optimization process, for solid element, it will be removed if the strain energy is less than the threshold value.
In this paper, an improved ESO (Evolutionary Structural Optimization) method for the topology optimization of 3D structures is proposed. In the proposed method, the idea of BESO method and the idea of extended ESO method are combined. In this method, the design domain is divided in same eight-node brick elements (voxels), and in the optimization process, for solid element, it will be removed if the strain energy is less than the threshold value.
This threshold value is obtained from the equation proposed in extended ESO. This equation consists of the mean value of sensitivity number and the average deviation of sensitivity number with a control parameter. In the proposed method, the evolutionary volume ratio (reduction ratio) is given as input data, and this control parameter is determined automatically in the program so as to satisfy the given reduction ratio approximately. Several numerical examples are shown in order to demonstrate the effectiveness of the proposed method for 3D structures. 
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In the proposed method, the idea of BESO method 6,7) and the idea of extended ESO method 8, 9) are combined. In this method, the design domain is divided in same eight-node brick elements (voxels) 14) , and in the optimization process, for solid element, it will be removed if the strain energy is less than the threshold value. This threshold value is obtained from the equation proposed in extended ESO 8, 9) . This equation consists of the mean value of sensitivity number and the average deviation of sensitivity number with a control parameter. In the proposed method, the evolutionary volume ratio (reduction ratio) is given as input data, and this control parameter is determined automatically in the program so as to satisfy the given reduction ratio approximately.
Three numerical examples have been shown in order to demonstrate the effectiveness of the proposed method for 3D structures. It was found from the results that the proposed method had the following advantages.
(1) The parameters of optimization process are less than BESO, CA-ESO, and SIMP method. There are only two parameters, that is the evolutionary volume ratio (reduction ratio) and the scale parameter min r in the filter scheme. Therefore, it is not necessary to do the preliminary analysis for setting the parameters. In the three examples shown in this paper, the evolutionary volume ratio is all 0.1, and the scale parameter min r is all X l 2 ( X l : element's length of X direction) .
(2) The number of steps in the optimization process is very small compared with BESO, CA-ESO and SIMP method. The number of steps is 16 in example 1 (refer to Fig.5 ), 22 in example 2 (refer to Fig.9 ), and 20 in example 3 (refer to Fig.13) . Therefore, the computational efficiency is much better than the other methods. It can be seen that though the proposed method is one directional method which does not have additional process of elements, the resultant topologies have sufficient performance to give a hint to the architectural design. 
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